The present work is a continuation and improvement of the application of the generalized extreme value distribution to study the seismicity of the Southeast Asia. We have applied the generalized extreme value distribution (GEV) method to estimate maximum magnitude value (M max ) for the earthquake catalog of Northern Vietnam. Using this method, we obtain the distribution of maximum earthquake magnitude values. This distribution can be characterized by its quantile Q q (τ) at any desirable statistical level q. The quantile Q q (τ) provides a much more stable and robust characteristic than the traditional absolute maximum magnitude M max (M max can be obtained as the limit of Q q (τ) as q → 1, τ → ∞). The parameters have been obtained:  = -0.178 ± 0.08 ;  = 0.23 ± 0.08;  = 4.39 ± 0.16; M max = 6.8 with the probability of 98% for period 2014 -2064. 
Introduction 1
The NorthernVietnam region is the most active tectonic and high potential risk area of Vietnam. The parameter M max represents the maximum of possible earthquake magnitude in the study region. This parameter plays a very important role in seismic hazard assessment and mitigation of the seismic risk. Giving a reliable estimate of M max , it is comparatively easy to take adequate decisions on the construction standards of buildings or * Corresponding author, Email: hoanvt84@gmail.com on the insurance policy (Pisarenko et al., 2014b) . Therefore, the maximum magnitude earthquake prediction is not only the task with the scientific sense but also an imperative task for the seismic practice of Vietnam.
There are many methods to assess maximum earthquake magnitude including the geological extrapolation (Phan et al., 2012 (Phan et al., , 2013 , calculation of M max base on size of earthquake source zone (Nguyen N.T et al., 2005; Bui et al., 2013) , probabilistic methods... (Gumbel, 1958; Nguyen H.P, 1991 , Nguyen N.T et al., 2005 , Nguyen H.P et al., 1997 , 2001 , 2014 . One of the probabilistic methods is based on the generalized extreme value distribution (GEV). This method is introduced by Pisarenko et al. for the Harvard catalog (Pisarenko et al., 2007 (Pisarenko et al., , 2008 , the catalogs of Japan (Pisarenko et al., 2010) and Vietnam (Pisarenko et al., 2012) . We used this method to assess M max for Southeast Asia and obtained 235 , 8 Pr max
for period 2013 -2063 with probability 98% (Vu et al., 2014) . In this work we continue to use this method to assess M max for the Northern Vietnam and obtained 8 , 6 Pr max
for period 2014 -2064 with probability 98% .
Methodology and used data

Used data
The study area is limited by the coordinates φ = 17°÷ 24°N; λ = 102°÷ 110°E (Figure 1) .
We collect data from various sources: the Department of the seismological survey, the Earthquake Information and Tsunami Warning Centre, the previously published earthquake catalog on the territory of Vietnam and the data from International Seismological After separation of foreshocks and aftershocks from this earthquake catalog, we get independent earthquake catalog including 1196 independent earthquakes with magnitude 1.7 ≤ M ≤ 7.5 for Northern Vietnam and surrounding regions.
The data in this catalog are continuous on time since 1972, so we chose the period from 1972 to 2014 for estimation of M max . There are 349 earthquakes with M ≥ 4.1 in the period.
Prediction method
The distribution function generalized extreme value is defined as follows (Pisarenko et al., 2007 (Pisarenko et al., , 2008 (Pisarenko et al., , 2010 :
Where x is variable representing the magnitude earthquake value,  is the scale parameter,  is the location parameter,  is the form parameter.
To determine the GEV function we need to identify 3 parameters , ,  in formula (1). These parameters , ,  are determined in each period T, by solving the set of three equations below:
where Γ(x) is the Gamma function: Γ (t) = ∫ , n is the number of earthquakes in each T-intervals, x k is magnitude of k th earthquake.
It is important to determine T-intervals to suit each catalog because T-intervals have the influence on the values of the three parameters , ,  of the GEV function. To find T-intervals, we need to determine the density Poisson distribution (λ) of the magnitude earthquake values:
, where N is the number of independent earthquakes, t is the time between the first event and the last event.
The chosen T-values (days) must satisfy three conditions:
All T-intervals are non-empty. Value 1 / λT → 0 (with λ is the frequency earthquakes with magnitude M ≥ m).
Value of parameter  is stable enough to determine the GEV function.
The following steps should be taken: -Choose an interval of values (T L ; T H ) for time interval durations T, for which the catalog still contains a sufficient number of Tintervals (with T L is the lowest time; T H is the highest time) ; -Choose in this interval (T L ; T H ) a finite set of u time-interval durations T (T L ≤ T 1 < T 2 <…< T u ≤ T H ); -The GEV parameters are estimated by the method of moments (Pisarenko et al., 2007 (Pisarenko et al., , 2008 (Pisarenko et al., , 2010 for each of the u time -interval durations T, which yields the following set of parameters:
-To estimate the average values  ,  ,  of the GEV parameters , ,  -The τ is the predicted period (from the time of the earthquake event was chosen as supporting event). The parameters , ,  are represented as the functions of τ by the formulas (5-7) below:
-The quantile in this period is:
Thus, after finding the appropriate Tintervals, three parameters , ,  can be found in each time period. The obtained results can be used to determine the content of GEV, decile point value of Q q (), and to assess the M max value.
Calculation results
In this section, we present the calculation results for the given data set.
Step 1: Calculate the density Poisson distribution (λ)
The period from 23/1/1972 (t 1 ) to 20/8/2014(t n ) used with the daily unit. The total time are 15518.71 days. The number of T-intervals is n: n = Density λ Poisson distribution is calculated as follows: λ = = .
= 0.02249
Step
2: Select the jump (T)
According to the data in the catalog, to satisfy the condition (a) above, the smallest value of T-intervals is 250 days. The Tintervals in the corresponding product λT are the following: From this table, the greater T-intervals are, the smaller value of the ratios (1/λT) are. In principle, the closer values (1/λT) are to the value "0", the better T-intervals are. However, to satisfy the condition (c), Figure 2 shows an approximate "stabilization" of the -estimates in the range 300 and 350 days. Therefore, to satisfy the above conditions, the value of Tinterval is 350 days. With T = 350 days, then n= = 44.
Step 3: Determine the parameters , , 
In each u time-interval durations T (T L ≤ T 1 < T 2 <…< T u ≤ T H ), the parameters , ,  are determined in each period T, by solving the set of three equations (2-4).
To estimate the average these values:
In order to estimate the Mean Square Error (MSE) of these estimates, we use formulas (Pisarenko et al., 2008) : Step 4: Determine predicted M max In the earthquake catalog used, the last strogest earthquake, which occurred 29.06.2014 with magnitude M = 4.4, has satisfied above specified conditions. So we have chosen this event as supporting event.
= lim
→∝
Qq()
With predicted probability 98%, we get the graph of the function Q q () in Figure 3 . 2014-2024 2014-2034 2014-2044 2014-2054 2014-2064 6,67 6,72 6,75 6,78 6,80 Such differences may be due to the different studied zones, the methods used and the limitations of the length of data period considered (only in 42 years ).
Conclusions
On the basis of the catalog of independent earthquakes in period 1972-2014, the maximum earthquake magnitude value was assessed for the Northern Vietnam using GEV method.
We obtained the following sample estimates for this catalog with T = 350 days:  = -0.178 ± 0.08 ;  = 0.23 ± 0.08;  = 4.39 ± 0.16; This distribution can be characterized by its quantile Q q (τ) at any desirable statistical level q. With predicted probability 98%, we obtained = lim →∝ Qq() = 6.8 for period 2014 -2064. The authors would like to thank for the grants from the project research code VAST.ĐL. 01 /14-16: "Development of a set of programs for earthquake prediction by combinations of the statistical, seismic, geophysical and geomorphological methods, and application to the Northwest region of Vietnam" and the project research code VAST.HTQT.NGA.08/15-16: "An approach of the natural phenomena analysis and computer performance for seismogenic assessment of Vietnam territory".
